Cytochalasin E (CE) is known to be a secondary metabolite secreted in vitro by Rosellinia necatrix, the cause of white root rot, and is toxic to plants. In this study, CE was detected in Japanese pear and apple roots infected with R. necatrix using a new HPLC method. In order to elucidate the relationship between the productivity of CE and disease progress, CE deficient mutants of R. necatrix were obtained by UV irradiation. Two CE-less producing mutants were isolated by a simple TLC detection method. The pathogenicity of these mutant strains was the same as the parent (wild-type) strain. Although, these mutant strains produced CE only about 4-7% level of the parent strain in vitro, and less than 5% level in planta. The meaning of CE for disease progress of white root rot was discussed.
INTRODUCTION
Rosellinia necatrix Prillieux is the causal agent of white root rot, and a wide range of fruit trees are killed by this disease17,18) This fungus infects about 170 species of plants in 63 genera and 30 families9,18) and cross inoculation tests revealed no differences in the virulence of three R. necatrix isolates obtained from different host species19). In spite of its large economic damage to fruit production, there is little effective method of protection against this disease. Pathogenesis factors of R. necatrix are complex and not well understood, although various secondary metabolites are toxic to plants2-4,10,11). Many workers identified cytochalasin E (CE, Fig. 1 ) amongst metabolites extracted from the culture filtrate of R. necatrix2, 10, 16) and it is thought that CE acts as a toxin during disease progress. But it has not yet been shown that CE is produced also in vivo, and the relationship if any, between pathogenicity and productivity of CE in this fungus is still unclear.
In this paper, we report that CE was secreted onto roots infected with R. necatrix. With the aim of under standing better the role of CE in the pathogenicity of the fungus, we have followed the classical strategy of producing CE deficient mutants of R. necatrix, and determined the pathogenicities of these mutants. spot of CE appeared on a TLC plate by using newly developed epoxide method. In this procedure, CE (Rf: 0.36), rosellichalasin11) (Rf: 0.47), and chaetoglobosin C5' (Rf: 0.39), all of them have an epoxide, could be detect ed. The orange spot of chaetoglobosin C was so unstable as to disappear immediately when the plate was taken from the tank saturated with ammonia vapor. On the other hand, cytochalasin B5', which has no epoxide position in its structure, showed no spots on a TLC plate (Fig. 4) . CE appeared as a blue-purple spot in about 30 min after treatment of the TLC plate with ammonia fumes and remained for more than 2 days.
Selection of mutants Two CE deficient mutants, M1 and M2 were obtained from 400 surviving mycelial fragments of UV irradiated R. necatrix. They were identified from the point of view of CE production by the TLC method (Fig. 5) . Ml produced a blue-purple spot different from CE at Rf 0.43. From these mutants, single hypha isolation was of the wild pear strain Mamenashi No. 6 at the similar level as the wild-type strain. In test A, one month after inoculation, the roots were infected throughly with these mutant strains (Fig. 7, 8) . In test B, same results were obtained. All mutant strains were pathogenic to the seedlings of Mamenashi No. 6 (Table 2, Fig. 9 ). There was no difference in disease incidence and speed of disease development between the parent strain R-24 and both mutant strains, Ml and M2.
DISCUSSION
CE has toxicity to plants16), and was identified from roots infected with R. necatrix (Fig. 2) epoxide group, and so we applied the detection method for an epoxide of oxidized oil on a TLC plate7) to detect CE. By using this method, we removed other compo nents and almost quantified CE easily. This method was quite efficient for selection of CE-less producing mutants.
Of the two mutants, M1 and M2, obtained in this experiment, Ml might be a precursor accumulating mutant because Ml produced a different spot from CE and rosellichalasin on a TLC plate in vitro and in planta (Fig. 5, 6 ). But the structure and characteristics, includ ing effect to plants, of this product is unclear as yet.
Mutant strains (M1 and M2) produced CE about 4-7% level of the parent strains in vitro, and less than 5% level in planta. These mutant strains infected roots of a wild pear strain at the same level and speed as the parent wild-type strain, R-24 (Fig. 7, 8 , Table 2 ). This result indicates that amounts of CE produced by R. necatrix did not affect disease progress of white root rot. Therefor, CE may not the main factor of the patho genicity of R. necatrix.
CE acts as a wilt toxin to apple shoots with 4 leaves at 1 to 10ppm16). It is well known that cytochalasins act on some types of contractile microfilament systems1, 6, 8, 15) Recently, it has been suggested that microfilaments of the plant cytoskeletons facilitate plant defence responses to the region of infection13,14). Using a fluorescent staining method to detect microfilaments12), it should be possible to observe if there are some effects of cytochalasins produced by wild and mutant strains on the target cells. This approach may well clarify if the very small amounts of CE produced in planta by CE-less producing mutants would be enough to prevent the functioning of the microfilament system.
